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1
ELECTRIC ACTUATOR WITH THREADED
ROD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a National Phase Entry of International
Application No. PCT/EP2014/056909, filed on Apr. 7, 2014,
which claims priority to French Patent Application Serial
No. 1353733, filed on Apr. 24, 2013, both of which are
incorporated by reference herein.

FIELD OF THE INVENTION

The present invention relates to the field of linear electric
actuators intended for moving a drive member, over a
limited travel and secondarily to the angular movement of a
member, by means of a conversion of the linear movement
into a rotary movement. These linear electric actuators are
generally used in the automobile field for controlling fluid
valves useful to the engine or to move elements improving
the comfort of the driver. (Regulation of inlet air flow, flow
of fluid in adjustable suspensions; mobility of front head-
lights or head-up display systems on the windscreen, etc.)

BACKGROUND

The general principle of such actuators is known and
described for example in the international patent application
WO 2010/027701. This patent application describes an
actuator with a screw comprising two threaded parts with
opposite threads engaged by motors turning in opposite
directions in order to move the screw in translation with a
greater force than with a system comprising only one motor.
The opposite threads cancel out the resulting torque exerted
on the screw by the two motors.

Another patent application WO 2013/027197 describes an
electric linear actuator comprising an electric motor with a
rotor and a stator, a housing and a nut-and-screw system for
moving a member to be moved at least in translation in a
direction A corresponding to the rotation axis of the rotor,
the nut-and-screw system comprising a screw with a first
threaded portion and a first nut with a complementary thread
engaging with the first threaded portion, the first nut being
coupled so as to rotate with the rotor. The screw comprises
a second threaded portion and the nut-and-screw system
comprises a second nut engaging with the second threaded
portion, the second threaded portion and the second nut
being configured so as to apply a reduction factor in the
linear movement of the screw (with respect to linear move-
ment due to the first threaded portion and to the first nut
alone), the first and second threaded portions having oppo-
site threads with respect to each other. In one embodiment,
the first threaded portion is adjacent to the second threaded
portion.

The European patent EP 1561639 describes an actuator
intended for adjusting the horizontal or vertical position of
car headlights that are of high performance even under
extreme environmental conditions, in particular for tempera-
ture ranges from —40° C. to +120° C., and being resistant to
dust, water and salt. The FEuropean patent EP 1791242
describes an actuator for the linear movement of a member
to be controlled, comprising a housing, a motor and a
nut-and-screw system. The motor, which is preferably a
stepping motor, comprises a stator comprising coils and a
rotor comprising permanent magnets, the rotor being sup-
ported, at one of its ends, by a bearing in the form of a ball
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bearing, comprising a race fixed to the housing and an output
race secured to the rotor. The international patent application
WO 03048599 describes a screw actuator comprising a nut
element interacting with two separate coaxial screw threads
and two screws that each have a different thread correspond-
ing to the screw threads of the nut element.

In many applications, the actuators must comply with the
working conditions of the automobile field, which imposes
very wide temperature ranges, normally from -40° C. to
+140° C., without significant loss of performance. The
electric linear actuators of the prior art are, in the great
majority of cases, constructed from a rotary motor coupled
to a movement transformation in order in the end to give rise
to a translation. The simplest solution is in fact using a rotor
mounted so as to rotate on bearings or roller bearings, the
said rotor driving a nut and screw system that generates the
translation of the control member.

This solution has numerous advantages with regard to
compactness and reliability in severe environments but it
turns out that the performances of these actuators drop
significantly as soon as they are used at very low tempera-
ture (between —20° C. and -40° C.), because of the variation
in viscosity of the greases used in the ball bearings and
bearing housings. This problem is complicated to solve since
it is possible to find greases that remain fluid and lubricate
correctly between +20° C. and +140° C. or other types that
remain so from —40° C. to +25° C., but the only greases that
make it possible to fulfil the function of lubrication (resis-
tance to pressure without rupture of the film) without great
variation in viscosity (which creates a brake on the bearing)
over the whole of the range —40° C. to +140° C. are limited
to rare compositions based on silicone. However, this sili-
cone element is proscribed in the majority of automobile
applications because of its effect of degassing and pollution
of the peripheral elements.

The result is a real problem in offering automobile linear
actuators working at —40° C. to +140° C., and offering the
required lubrication for ensuring the service life of the
product, without drops in performance when cold, due to the
great viscosity of the grease that brakes the bearing signifi-
cantly. At the present time the majority of linear actuators of
the prior art are based on the combination of a rotary motor
and a nut and screw system. These lose more than half their
force when passing from 25° C. to —40° C. This leads to
oversizing the motor in order to compensate for this loss and
to achieve the specification expected by the user.

SUMMARY

The proposed solution according the invention consists of
simplifying the structure of these linear actuators by elimi-
nating the elements for the rotational guidance of the rotor
such as ball bearings or plain bearings and directly guiding
the rotor assembly by means of a connection of the helical
type, which very substantially increases the performance at
low temperature. To this end, the invention concerns,
according to its most general acceptance, an electric actuator
comprising a threaded rod actuated rotationally by a moto-
rised means, characterised in the said threaded rod has a
drive zone extended on each side by threaded zones, one of
said threaded zones cooperating with a fixed nut, and the
other one of said threaded zones cooperating with a nut
secured to a control member able to move in translation
along an axis parallel to the axis of said threaded zone, said
threaded rod being moved in a helical movement.

According to a first variant, said motorised means consist
of a stator interacting electromagnetically with a rotor
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provided with a permanent magnet, mechanically connected
to said drive zone. Advantageously, said magnet is moulded
onto the threaded shaft driving the control member.

According to a second variant, said motorised means is
formed by a worm driving a gear forming said drive zone.
Advantageously, the control member is in sliding connection
with a flange, which has various angular positions allowing
manual adjustment of the linear position of the control
member independently of its movement controlled by the
electric motor.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be better understood from a
reading of the following description, referring to the accom-
panying drawings corresponding to non-limitative example
embodiments, where:

FIG. 1 depicts a view in longitudinal section of a first
example embodiment;

FIG. 2 depicts a view in longitudinal section of a second
example embodiment;

FIG. 3 depicts a view in longitudinal section of a third
example embodiment; and

FIG. 4 depicts a view in longitudinal section of a fourth
example embodiment.

DETAILED DESCRIPTION

The invention is described in the non-limitative examples
according to four embodiments, making it possible to use the
simple linear actuator as described above or in combination
with an upstream or downstream movement transformation
for offering respectively more reduction or a rotary actuator
consisting of a linear actuator according to the invention
coupled to a rotary lever. The electric actuator according to
the solution corresponding to a first example embodiment
illustrated by FIG. 1 comprises:

a multiphase stator 1

a rotor comprising a multiple magnet 2

a shaft having two distinct threaded parts 3, 4

a first flange 5 fixed with respect to the stator 1 and
carrying a first fixed nut 6 connected to said stator 1

a second flange 7 fixed with respect to the stator 1

a control member 8 comprising a second nut 9, able to
move in translation without rotation in the second flange 7
by means of a sliding connection.

The electromagnetic assembly formed by the stator 1 and
the rotary rotor 2 drives the central part 10 of the threaded
shaft in a helical movement imposed by the rotation of the
rotor 2 for the rotary component, and the connection
between the first threaded part 4 of the rotor assembly with
the first fixed nut 6 for the translation component. The
helical movement of the threaded shaft drives the control
member 8 in a pure translation through the connection
between the second threaded part 3 of the threaded rod with
the second nut 9 secured to the control member 8.

This solution has various advantages: The first advantage
is eliminating any type of pivot connection at the threaded
central shaft in comparison with the existing systems. The
elimination of these ball bearings or rotary bearings avoids
the loss of torque related to the increase in viscosity of the
grease.

The efficiency of the transformation of a rotary movement
into a linear movement is identical to that of the traditional
solution of screw coupled to a single nut. The gain in torque
at the guides (the previous point) is therefore completely
preserved in terms of power available at the output on the
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linear control member. In the case where the two threaded
portions of the central shaft have opposite directions and the
same pitch, the movement of the output member is twice that
of the rotor assembly, which makes it possible to increase
the speed of movement of the output member at equal
frequency at the stator. This constitutes an advantage when
the pitch of the screw can no longer be increased for reasons
of difficulty in manufacture. The construction of the actuator
is greatly simplified and the number of components greatly
reduced, which has an advantage with regard to reducing the
costs of the components but also the costs of the assembly
machine as well as the product assembly time.

On the dimensional level, the central shaft comprises two
threaded parts 3, 4 and collaborates with two nuts 6, 9 to
generate the forward travel of the output member 8. Because
of this its length occupied for the movement transformation
function is a little greater than that of a traditional simple
screw driven by a rotary nut. However, in reality, this is
compensated for (for the most usual travels required in cars
of'around 10 mm) by the elimination of the rotor guides. The
overall size of the linear actuator is therefore equivalent for
small travels, which are used in applications of metering air
or mobility of headlights.

Finally, the mass is greatly reduced by the elimination of
the ball bearing necessary for absorbing the axial force in the
solutions of the prior art, and the solution has its full
advantage with the use of a plastic nut that carries the central
shaft. The metal parts are therefore reduced to a minimum,
only at the magnetic sheets of the stator, and at the central
shaft that has good tribology to function with the plastic
nuts. The linear actuator corresponding to this first embodi-
ment comprises a two-phase stator that drives a rotor assem-
bly consisting of a multiple magnet fixed coaxially on the
central zone 10 of the shaft having a first rear threaded part,
in engagement with a first nut connected to a rear flange
clamped to the stator, and a second threaded part in engage-
ment with an output member comprising a second nut. A
front flange fixed to the stator has a sliding connection
enabling the output member to follow a translation imposed
by the helical movement of the rotor assembly.

The needle at the end of the control member moves over
a travel of 10 mm, which is broken down into a relative
movement of 5 mm with respect to the rotor assembly to
which there is added the 5 mmm of movement of the rotor
assembly with respect to the fixed nut connected to the rear
flange. For this purpose the length of the magnet is extended
by 5 mm with respect to the length of the stator, which
makes it possible to preserve the torque applied by the stator
to the rotor despite the axial movement of the latter. Like-
wise the control member has a recess in line with the second
nut so as to allow the central shaft to penetrate by 5 mm in
order to make its relative travel.

The rotor assembly is guided solely by the two crossed
helical connections, the sliding connection between the
output member and the front flange completing the guidance
as far as a fixed reference. When the rotor makes one turn,
it advances by a value equivalent to the pitch of the fixed nut,
whereas the control member advances by a value equal to
the sum of the pitches of the fixed and movable nuts. When
the two threaded parts have opposite directions but the same
pitch, the apparent pitch of the control member corresponds
to twice the screw pitch. This type of design is advantageous
for actuators requiring great compactness and greatly
reduced mass. It is then possible to offer an actuator at low
cost, the low-temperature performances of which are
obtained from a low-cost magnet such as ferrites, since the



US 10,502,293 B2

5

torque is not reduced by a high level of parasitic friction
upstream of the movement reduction, as is the case with the
solutions of the prior art.

In the second embodiment illustrated by FIG. 2, a linear
actuator as described previously is associated with a rotary
lever 20 in order to form a rotary actuator. The linear rotary
movement transformation is achieved by a rotor assembly
travelling through a helical movement and benefiting from
limited guidance at the screw/nut connections. This first
stage makes it possible to have high movement reduction in
a limited space, and in addition the metal screw that absorbs
the axial force has great rigidity, which makes it possible to
achieve great precision of positioning of the carriage. This
carriage then transmits its movement to a rotary lever 21 that
describes a limited angle but offers high torque as well as
great precision of positioning, and this with a simple and
inexpensive solution. Finally, this actuator has relatively
stable performances at low temperature in comparison with
existing solutions based on guidance by rotor or screw by
ball bearings that brake when cold, or pressure guides with
a conical shape on a ball via a spring, which do not make it
possible to achieve the required service life in cars because
of the metal/metal friction that ends up by creating wear.

The third embodiment described with reference to FIG. 3
relates to a linear actuator that is distinguished from the
previous two example embodiments through the use of a
gearbox between the electric driving motor and the helical
singular movement transformation claimed in this docu-
ment. The multiphase motor drives a rotor, on which a worm
30 is embedded, which drives a gear 31, mounted fixedly
and coaxial in the central zone 10 of the shaft having two
distinct threaded parts 4, 6. When the driving rotor rotates
the gear 31 through the worm 30, a first nut fixed with
respect to the housing enables the assembly formed by the
shaft and the gear 30 to follow a helical movement, which
then drives the output member by means of the second
helical connection of the second nut situated at the rear of
the output member. The sliding connection of the output
member, in a front flange the rotation of which is blocked by
the adjustment hub, provides pure translation of this output
member.

The adjustment hub has a conical set of teeth that makes
it possible to modify the angular position of the front flange.
This rotation of the front flange imposes the rotation of the
output member that is screwed onto the threaded part before
the central axis, when the motor is stopped and the worm is
blocking the rotation of the central shaft. This solution
makes it possible to achieve a linear preliminary position of
the output member that is independent of the so-called
electrical travel, which will be determined by the rotation of
the motor. This actuator thus has a mechanical manual
preliminary adjustment travel in parallel with the electrical
travel imposed by the motor control. This type of solution is
used in particular in actuators for adjusting the height of the
front headlights of a vehicle, which are adjusted manually in
the factory at the time of the final assembly of the vehicle,
and for which the motors afford automatic adjustment in
height of the lights with the load of the vehicle or its
acceleration, in order to prevent dazzling other drivers.

FIG. 4 illustrates an embodiment similar to the first
embodiment since it is based on the association of a simple
rotor assembly consisting of a magnet moulded onto a
central shaft having two threaded parts, one of them col-
laborating with a fixed nut connected to the stator, the
second threaded part collaborating with an output member
comprising a nut and able to translate in a front flange
through a sliding connection. However, in this embodiment,
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the helix angles are in the same direction, and only the
pitches of the two threaded parts are different. The helical
movement of the rotor, imposed by the connection with the
fixed nut, thus causes, depending on the relative values of
the two screw pitches, an outward or return movement of the
output member, but with a force ratio that may be stepped
down.

This is because, if the first threaded part has a pitch p1 and
the second threaded part a pitch p2, the movement of the
output member for one turn of the rotor will be p2-pl. This
therefore gives rise to the possibility, by working with
similar pitch values, to greatly reduce the movement and
therefore to amplify the output force of the control member
compared with embodiment No. 1. In addition, in this case,
it is possible to work with relatively high helix angles (only
the difference in pitches defines the force ratio) but the helix
angles thus increased substantially increase the efficiency of
the transformation from rotation to translation and achieve
optimisation of the motor size. It is a case of combining the
solution according to embodiment No. 1 with the concept of
the screw with differential threads, so as to enable an
actuator with high thrust at low temperature for low travels,
such as the apportioning of fluid in thermostatic valves.

The present invention covers various designs of linear
actuator involving a shaft having two threaded parts and
where the helical movement creates the translation of an
output member. These designs are characterised by the fact
that:

The control member is in sliding connection with the
housing of the actuator.

The movable assembly that causes the linear movement of
the control member is guided solely through two helical
connections.

For the first two embodiments described by way of
non-limitative examples, the motor magnet is driven in
helical movement. The magnet is moulded on to the
threaded part driving the control member.

For the third embodiment described, the central threaded
shaft in a helical movement is driven by a gearbox of the
worm and gear type. The control member is in sliding
connection with a flange, which has various angular posi-
tions allowing manual adjustment of the linear position of
the control member independently of its movement con-
trolled by the electric motor.

The invention claimed is:

1. An electric actuator, comprising:

a threaded rod actuated in rotation by a motor;

said threaded rod having a drive zone, which is driven by

a rotor of said motor and which is extended on each
side by threaded zones;

one of said threaded zones cooperating with a fixed nut;

another one of said threaded zones cooperating with a nut

integral with a control member adapted to move along
a first axis parallel to a second axis of said threaded
zone; and

said threaded rod being moveable in a helical movement;

wherein said motor includes a stator interacting electro-

magnetically with said rotor provided with a permanent
magnet, mechanically connected to said drive zone;
and

wherein said magnet is moulded onto said threaded rod

driving said control member.

2. An electric actuator comprising:

a threaded rod actuated in rotation by a motor;

said threaded rod having a drive zone, which is driven by

a rotor of said motor and which is extended on each
side by threaded zones;
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one of said threaded zones cooperating with a fixed nut;

another one of said threaded zones cooperating with a nut
integral with a control member adapted to move along
a first axis parallel to a second axis of said threaded
zone; and

said threaded rod being moveable in a helical movement;

wherein said control member is in sliding connection with
a flange, which has various angular positions allowing
manual adjustment of linear position of said control
member independently of its movement controlled by
said motor.

3. An electric actuator according to claim 2, wherein said
motor includes a stator interacting electromagnetically with
said rotor provided with a permanent magnet, mechanically
connected to said drive zone.

4. An electric actuator according to claim 2, wherein said
magnet is moulded onto said threaded rod driving said
control member.

5. An electric actuator according to claim 1, wherein said
motor includes a worm driving a gear forming said drive
zone.

6. An electric actuator according to claim 1, further
comprising pitches of said threaded zones are different.

7. An electric actuator according to claim 6, wherein said
motor includes ferrite magnets.

8. An electric actuator according to claim 1, wherein said
motor and said threaded rod act as an automobile headlight
adjustor.

9. An electric actuator according to claim 1, wherein said
motor and said threaded rod act as an automobile fluid valve
actuator.

10. An electric actuator according to claim 1, wherein said
motor and said threaded rod act as an automobile inlet air
flow regulator.

11. An electric actuator, comprising:

a motor;

a threaded rod rotatable by said motor;

a fixed first nut connected to a stator by a flange;

said threaded rod including multiple spaced apart
threaded zones, one of said threaded zones cooperating
with said fixed first nut;

a second nut;

an elongated control member;

another one of said threaded zones enmeshing with said
second nut, which is integral with said control member,
with both of said second nut and said control member
being adapted to move along a first axis parallel to a
second rotational axis of said threaded zones when said
rod is rotated;

a flange, said control member being in sliding connection
with said flange, which has various angular positions
allowing manual adjustment of linear position of said
control member independently of its movement con-
trolled by said motor; and

helical movement of said threaded rod translating said
control member through a connected between said
threaded zones and said second nut secured to said
control member, without bearings.

12. An electric actuator according to claim 11, wherein

said motor includes ferrite magnets.

13. An electric actuator according to claim 11, wherein
said motor and said rod act as an automobile headlight
adjustor.

14. An electric actuator according to claim 11, wherein
said motor and said rod act as an automobile fluid valve
actuator.
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15. An electric actuator according to claim 11, wherein
said motor and said threaded rod act as an automobile inlet
air flow regulator.

16. An electric actuator according to claim 11, wherein:

said motor includes a stator interacting electromagneti-
cally with a rotor provided with a permanent magnet,
mechanically connected to said drive zone; and

said magnet is molded onto said threaded rod driving said
control member.

17. An electric actuator according to claim 11, further
comprising a worm gear enmeshing a rotational output of
said motor to a gear attached to said threaded rod between
said zones.

18. An electric actuator, comprising:

a motor;

a threaded rod rotatable by said motor;

a fixed first nut;

said threaded rod including multiple spaced apart threads;

a first of said threads enmeshing with said fixed first nut;

a second nut;

a second of said threads enmeshing with said second nut,
with said second nut operably moving along a first axis
parallel to a rotational axis of said threads when said
rod is rotated;

a central gear located on said rod between said spaced
apart threads; and

a worm gear rotatable by said motor about a rotor axis
substantially perpendicular to said rotational axis of
said threads, said worm gear enmeshing with and
operably rotating said central gear.

19. An electric actuator according to claim 18, further

comprising:

a housing enclosing said motor, said fixed first nut and
said central gear of said rod;

a flange secured to said housing; and

a control member being in sliding connection with said
flange, which has various angular positions allowing
manual adjustment of linear position of said control
member independently of its movement controlled by
said motor.

20. An electric actuator according to claim 18, wherein:

said motor and said rod act as an automobile headlight
adjustor; and

said gear is located closer to a trailing one of said threads
than to a leading one of said threads which is coupled
to a control member, which in turn is coupled to said
adjustor.

21. An electric actuator according to claim 18, wherein:

said motor and said rod act as an automobile fluid valve
actuator; and

said gear is located closer to a trailing one of said threads
than to a leading one of said threads which is coupled
to a control member, which in turn is coupled to said
valve actuator.

22. An electric actuator according to claim 18, wherein:

said motor and said threaded rod act as an automobile
inlet air flow regulator; and

said gear is located closer to a trailing one of said threads
than to a leading one of said threads which is coupled
to a control member, which in turn is coupled to said
regulator.

23. An electric actuator according to claim 18, wherein:

said motor includes a stator interacting electromagneti-
cally with a rotor which includes a permanent magnet;

said motor is a multiphase motor; and

said electric actuator is a linear actuator.
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24. An electric actuator according to claim 18, further
comprising an adjustment hub including a conical set of
teeth that operably allow an angular position modification to
provide a mechanical and manual adjustment.

25. An electric actuator, comprising:

a motor including a multiphase stator and a rotor having

magnets;

an elongated and metallic rod rotatable by said motor
about a rotating axis;

a fixed plastic nut having an internal thread;

said threaded rod including multiple spaced apart and
helically threaded zones with different thread charac-
teristics, a first of said threaded zones enmeshing with
said fixed nut;

a moveable plastic nut having an internal thread;

a second of said threaded zones enmeshing with said
moveable nut, with said moveable nut being adapted to
linearly move when said rod is rotated;

said moveable nut including a sliding connection to deter
rotation of said moveable nut but allow said linear
movement thereof;

said moveable nut being elongated along a direction of
said rotating axis; and

a rotary lever moveably coupled to said moveable nut
adjacent a distal end of said moveable nut.

26. An electric actuator according to claim 25, wherein

said different thread characteristics are thread pitches.

27. An electric actuator according to claim 25, wherein
said different thread characteristics are thread helical direc-
tions.

28. An electric actuator according to claim 25, wherein
said motor and said rod act as an automobile headlight
adjustor, and said actuator does not have greased bearings.

29. An electric actuator according to claim 25, wherein
said motor and said rod act as an automobile fluid valve
actuator, and said actuator does not have greased bearings.
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30. An electric actuator according to claim 25, wherein
said motor and said threaded rod act as an automobile inlet
air flow regulator, and said actuator does not have greased
bearings.

31. An electric actuator according to claim 25, wherein
said rotating axis of said rod is coaxial with a rotational
centerline of said rotor.

32. An electric actuator according to claim 25, further
comprising a worm gear driven by said motor enmeshing
with a central gear attached to said threaded rod between
said threaded zones, said rotating axis of said rod being
substantially perpendicular to a rotational centerline of said
rotor and said worm gear.

33. An electric actuator, comprising:

a motor;

a threaded rod rotatable by said motor;

a fixed first nut connected to a stator;

said threaded rod including multiple spaced apart

threaded zones, one of said threaded zones cooperating
with said fixed first nut;

a second nut;

an elongated control member;

another one of said threaded zones enmeshing with said

second nut, which is integral with said control member,
with both of said second nut and said control member
being adapted to move along a first axis parallel to a
second rotational axis of said threaded zones when said
rod is rotated;

a flange, said control member being in sliding connection

with said flange; and

helical movement of said threaded rod translating said

control member through a connected between said
threaded zones and said second nut secured to said
control member, without bearings.
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